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REMARKS 

Claims 72-95 are pending in the present application and at issue. 

It is respectfully submitted that the present amendment presents no new issues or new 
matter and places this case in condition for allowance. Reconsideration of the application in view 
of the above amendments and the following remarks is requested. 

I. The Rejection of Claims 72-90 under 35 U.S.C. 103 

The Office maintained the rejection of claims 72-90 under 35 US.C. 103 as being 
unpatentable over Lischnig et al. (Biotechnology Letters, VoL 15, No. 4, pp. 411-414 (1993)) or 
Gomes et al. (Appl. Microbiol. Biotechnol., Vol. 39, pp. 700-707 (1993)) or Alam et al. (Enzyme 
Microb. Techno)., Vol 16, pp. 298-302 (1994)) and Haarasilta et al. (U.S. Patent No, 5,314,692) 
and Hazlewood et al. (WO 93/25693). This rejection is respectfully traversed. 

As mentioned in the prior response, none of the cited references teach or suggest the use 
of thermostable xylanases in animal feed compositions, as claimed herein. 

Moreover, none of the cited references teach or suggest that there would be any 
advantage to using a thermostable xylanase over a thermolabile xylanase in animal feed. As 
explained in the prior responses, animal feeds comprising a thermostable xylanase of Family 11 
according to the present invention have significantly improved feed utilization over animal feeds 

comprising other xylanases. 

In response to Applicants' showing of surprising and unexpected results, the Office 

stated: 

Applicants next argue against the rejection using the doctrine of 
'surprising and unexpected results 1 . Applicants refer to a comparative 
experiment [in Example 8] in which they compare a commercial enzyme with that 
of the invention and argue that the animal feed comprising the commercial 
enzyme at a dose of 400 FXU/kg gave a % fat digestion in the range of 72.1- 
74.3 [sic, "in the range of 72.1-74.3" should be replaced with P 72.4 B ], while the 
animal feed comprising the present invention gave a % fat digestion in the range 
of 72.1-74,3 even though the xylanase was dosed at 100 or 200 FXU/kg and 
therefore the instant invention demonstrated superior property not predicted by 
prior art and that these resutts are surprising and unexpected. Examiner finds it 
difficult to accept the above results as surprising or unexpected. This is because 
it would be well within the level of skill of those practicing the art that decrease in 
viscosity will lead to better absorption and better digestion of feed ingredients. 
As pointed by the applicants themselves, it was well known in the art through the 
teachings of Anison et al. that high viscosity reduces the apparent metabolizable 
energy of feed ingredients. Therefore, this aspect of the invention cannot be 
considered as surprising or unexpected of the xylanase enzyme in the feed. 
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This is respectfully traversed. 

The Office is correct that the results in Example 8 show that the use of Bio-Feed 'Plus, a 
commercially-available xylanase preparation derived from Humicola insolens, at a dose of 400 
FXU/kg, gave a % fat digestion of 72.4, whereas the animal feeds comprising a xylanase of the 
present invention gave a % fat digestion in the range of 72.1-74.3 even though the xylanase of the 
present invention was dosed at 100 or 200 FXU/kg (/.e M one quarter or one-half, respectively, of 
the Bio-Feed Plus). Thus, the results show that the xylanase of the present invention has a 2-4 
fold improvement over the commercially-available xylanase. In his second declaration of March 
18, 2005 [hereinafter, "Supplemental Declaration"], Mr, Pettersson states in paragraph 8 that 
"these results are surprising and unexpected." 

The Office merely argues that it is difficult to accept that these results are surprising and 
unexpected due to the fact that it is well known that a decrease in viscosity will lead to better 
absorption of feed ingredients etc. However, the decrease in viscosity is merely a likely reason 
why xylanases may improve the fat digestion. It is not a reason why the xylanases of the 
invention are surprisingly better than the prior art: The Office has not provided any evidence 
that a 2-4 fold lower dosage of the xylanases of the invention would provide a corresponding 
improvement in % fat digestion over the prior art xylanase. Thus, these results are surprising 
and unexpected. 

The Office also responded to the results set forth in paragraphs 3-5 of Mr. Pettersson's 
Supplemental Declaration under 37 C.RR. 1.132. Specifically, the Office states: 

In summary Mr. Pettersson is arguing that the value 2.02 obtained for the feed 
comprising xylanase from A aculateus is less significant than the value 1.97 
obtained for the feed comprising the xylanase from 7. lanuginosus. Such a 
declaration is very hard for the Examiner to accept since it defies scientific 
explanation. It is highly perplexing to the Examiner as to how the two values 
2.02 and 1.97 (differing by only 0.05) can be considered statistically significant 
without any supporting data such as sample size, degrees of freedom or even 
the bare minimum of a 'p' value for the data obtained. Actually, the values 
appear to be within the experimental error of an experiment involving animals. 

This is respectfully traversed. 

It appears that the Office has misunderstood Mr. Pettersson's Supplemental 
Declaration. Mr. Pettersson expressly states that the results obtained with the xylanase of the 
present invention (1.97) is statistically significant (/.e M outside the experimental error) when 
compared with the control, whereas the results obtained with the xylanase of Family 10 (2.02) is 
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not statistically significant (/.©., within the experimental error) when compared with the control. 
Mr. Pettersson does not make any statements on the difference between the two values 1.97 
and 2.02. In paragraph 6, Mr. Petterson concludes: 

[T]hese results show that animal feeds comprising the Thermomyces 
lanuginosus xylanase result in a statistically significantly improved feed 
utilization. A similar conclusion cannot be drawn as regards animal feeds 
comprising the Aspergillus acuieatus xylanase. Furthermore, the Thermomyces 
lanuginosus xylanase has a statistically significant influence on the viscosity of 
the digesta, which is highly surprising, given the fact that family 11 xylanases are 
not recognized to be strong viscosity reducers. These results are surprising and 
unexpected. 

There is no evidence contradicting Mr. Pettersson's conclusion. 

Applicants also enclose a copy of Choct et al., British Journal of Nutrition, 2004, 92: 53-61, 
of which Mr, Pettereson is a co-author. This article describes the entire study underlying Mr. 
Pettersson's Supplemental Declaration, including supporting data such as sample size. A total of 
288 male broiler chickens were used, te. f 8 treatments, 6 cages per treatment, and 6 chicKens 
per cage (see pages 54 and 55, line 1 of the first full paragraph of column 1). Please note that 
the results obtained with the Family 10 xylanase set forth in the article is 2.04 (see Table II on 
page 56, "xylanase C"), not the value of 2.02 described in Mr. Pettersson's Supplemental 
Declaration which came from preliminary raw data. 

For the foregoing reasons and the reasons set forth in the prior responses, Applicants 
submit that the claims overcome this rejection under 35 U.S.C. 103. Applicants respectfully 
request reconsideration and withdrawal of the rejection. 

II. The Rejection of Claims 72-90 under the Doctrine 
of Obviousness-Type Double Patenting 

The Office maintained the rejection of claims 72-90 under the doctrine of obviousness- 
type double patenting as being unpatentable over claims 1-17 of U.S. Patent No. 6,245,546. 

As mentioned in the prior response, Applicants will submit a terminal disclaimer upon an 
indication of allowable subject matter. 

HI. Conclusion 

In view of the above, it is respectfully submitted that all claims are in condition for 
allowance. Eariy action to that end is respectfully requested. The Examiner is hereby invited to 
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contact the undersigned by telephone if there are any questions concerning this amendment 
application. 



Respectfully submitted, 



Date: January 6, 2006 




Novozymes North America, Inc. 
500 Fifth Avenue, Suite 1600 
New York, NY 10110 
(212) 840-0097 
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British Journal of Nutrition (2004), 91, 53-61 
<D The Author 2004 



DOI: lO,l079/BM20041t6<5 



A comparison of three xylanases on the nutritive value of two wheats for 
broiler chickens 

ML Choct 1 *, A. Kocher 1 , D. L. E. Waters 1 '*, D. Fettersson* and G. Ross 4 * 5 
' School of Rural Science and Agriculture, University of New England, Armidale, NSW 2351, Australia 
2 Centre for Plant Conservation Genetics, Southern Cross University, Lismorc, NSW 2480, Australia 
*Novozytnes A/S> 2880 Bagsvaerd, Denmark 

4 Novozymes Australia Pty Ltd, PO Box 4942, North Rocks, NSW 2151, Australia 
5 D$M Nutritional Products, Frenchs Forest, NSW 2086, Australia 

rfocWftfrf /2 September 2003 - Revised 4 February ?OM - Accepted 9 Matvh 2004) 

Three xylanase products xylanase A derived from Themomyces lanu$inoxus f xylanase B from fiumicoh ittsokms and aylariMc C from 
Aspergillus aculeatus were examined for their effects on the nutritive value of wheat The study investigated the effect? of enxyme 
addition to broiler diets based on n low-mcupolisable-energy (ME) wheat and a normal-ME wheat, with the emphasis on change*) in com- 
position of the NSP tfon R the digestive tract in broiler chickens. There were .significant {P< 0-01 ) enzyme and wheat effects on the appar- 
ent ME, but there was no wheat X enzyme interaction on apparent ME. Weight gain and feed con version efficiency (except xy J anase C for 
normal wheat) were also significantly <P< 0-01) increased by the xylanases. The enzymes differed in their effect on a number of important 
nutritional parameters. Xylanasc A reduced (/><0-O5) the excreta moisture level from 77-1 % In birds fed the normal-ME wheat control to 
734% and from 774% in those fed the low-ME wheat to 73>0% t The other two enzymes did not affect excreta moisture levels The 
dtgesta viscosity in the duodenum, jejunum and ileum of birds fed both types of wheat was reduced {P<0>0\) by xylanases A and C, 
but was increased </><f>01) in the jejunum and ileum by xylanasc B, The digestibility of the soluble NSP was mostly negative tn the 




NSP regardless of wheat type. It may be concluded that wheats with low or normal ME values vary in their responses to xylanasc sup- 
plementation. Apart from having an elevated level of soluble NSP, low-ME wheat may also contain insoluble NSP, which in the present 
study appeared to be more easily degradablc in the gut of the chicken. 

Poultry: Enzymes: Non-starch polysaccharides: Nutritive value of wheat 



Nutritionists are often not able to test raw ingredient and 
establish a true feeding value in advance of use in commer- 
cial feed formulations. Variation in raw ingredients 
accounts for 30 % of the variation in the finished product 
and creates multiplicative effects together with weighing 
errors (Fawcett & Webster, 1996). Subsequently, the diet 
may not reach the required specifications, which can 
result in sub-optimal performance and economic loss. 

The apparent mctabolisable energy (AME) values of 
Australian wheat have been repotted to range from 10*35 
to 15-9MJ/kg DM (Molloh et aL 1983; Rogel et al 
1987). The so-called low- metabolisable energy (ME) 
wheats* arc defined as wheats having AME values under 
13 MJ/kg DM for poultry (Mollah et al. 1983). Approxi- 
mately 30 % of Australian wheats fall into this category. 
When low-ME wheats arc included as the main energy 
source in broiler diets, sticky and watery droppings will 



appear immediately > followed by growth depression and 
poor feed efficiency. Wheat contains 5-8% arabinoxylans 
(pentosans, consisting of the monosaccharides arabinose 
and xylose, linked in & 1-4 linkages with arabinose side 
chains through the 02 and/or 03 positions Of the back- 
bone), up to 1% of P-glucw>5 and 2-3% of cellulose. 
These NSP arc believed to be the major cause of the 
low-ME wheat phenomenon (Annison & Choct, 199))* 
The viscous nature of these polysaccharides has a direct 
influence on nutrient absorption as well as interacting 
with the gut microflora and modifying the physiological 
function of the gut High levels Of soluble NSP raise 
digests viscosity in the intestine of chickens leading 
to reduced starch, piotein and lipid digestion (Choct & 
Annison, 1990; Annison, 1991; Philip et al 1995). It is 
well documented that the addition of commercial feed 
enzymes to wheat-based broiler diets generally results in 



Abbreviation*: AME, apparent mclnboJteblo energy; ME, mCWboHsahJe-cncrgy; VFA, volatile fatty acid. 
♦CorrespnndlnR author: Professor Mingan Choct, fax + 61 02 6773 3050, email mchDct@unc.edu.au 
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a significant improvement in performance and a reduction 
in the occurrence of wet and sticky droppings (AtmJson, 
1992; Choct et al 1994). Xylanases reduce the intestinal 
viscosity of birds by degradation of soluble arabinoxylans. 
The degree of degradation of these polymers in the intesti- 
nal tract of broilers is unknown. When a dcpoJymeriscd 
pentosan preparation was added to a broiler diet Us artti- 
nutritivc effect largely disappeared (Choct & Annison, 
1992a). But the digesta viscosity of birds fed this diet 
was significantly higher in comparison with birds fed a sor- 
ghum-bascd control diet. This finding suggests that a 
reduction in viscosity might not be the only parameter of 
importance influencing the AME value of wheat 

X>etailed knowledge of the substrates and their break- 
down pattern in the intestine of chickens is required to 
order to fully comprehend the effects of wheat NSP. The 
present study was carried out to test the hypothesis that 
the nutritive value of wheat for poultry h related to the vis- 
cous nature of the soluble NSP m well as the encapsulation 
of nutrients by cell-wall components of the grain* namely 
the insoluble arabtnoxylans. Thus, enzymes that have affi- 
nity for both these fractions could be superior to one that 
reduces viscosity alone or that attacks mainly the cell 
walls. 



Materials and methods 

Bird husbandry 

A total of 288 male broiler chicks ( 1 -d-old; Cobb strain) were 
obtained from the Batada Hatchery, Kotingal, New South 
Wales and were raised on a commercial broiler starter 
diet (crumbles, Ridley AgriProducts, Tamworth, NSW, 
Australia), containing 12-5MJM8/fcg and a nunimurn of 
20% crude protein, in standard chick brooders for 24 d. 
During experimentation, all binds were transferred to wire- 
mesh metabolism cages situated in climate-controlled 
rooms. All experimental diets were cold-pelleted. The diets 



were then offered to the birds ad libitum and water was 
freely available. Birds were grown under continuous fluor- 
escent lighting. The animal ethics committee of the Univer- 
sity of New England approved the present study. Health and 
husbandry practices complied with the Code of Practice for 
tfte Care and Use of Animals for Scientific Purposes 
(National Health & Medical Research Council, 1990) for 
the Commonwealth of Australia and the Australian Model 
Code of Practice for the Welfare of Animate (Standing Com- 
mittee on Agriculture and Resource Management, 1995). 



Diet 

Two wheats with known low or normal ME values were 
chosen for the present Study based on a preliminary 
study reported by Choct & KoChcr (2000). The lOW-ME 
wheat had a measured AME value of 12-5MJ/kg DM at 
the time of harvest, whereas the normal wheat had ad 
AME value of 1 1-5 MJ/kg DM. 

All diets were formulated using the ingredients and pro- 
portions shown in Table I. First, the minor ingredients 
were mixed in a small rotary mixer and were then pooled 
with the major ingredients for thorough mixing. All exper- 
imental diets were identical in composition. Three xylana&C 
products differing in their modes of action were selected for 
the present experiment. The enzymes were; xylanase A, 
which was purported to have affinity for both soluble and 
insoluble NSP; xylanase B, which was mainly known to 
solubilise insoluble NSP; xylanase C, which under labora- 
tory conditions mainly reduced viscosity (Or Dan Pettcrs- 
son, Novozymes AS, Bagsvaerd t Denmark, personal 
communication.). Each tonne of feed contained 200 g xyla- 
nase A (activity, 1000 fungal xylanase unit/g; commercial 
name, Bio-Feed Wheat or Ronozyme WX; derived from 
Thermomyces lanuginosa*), 250 g xylanase B (activity, 
800 fungal xylanase unit/g; commercial name, Bio-Feed 
Plus or Ronozyme W; derived from Humicola insoUm) or 
426 g xylanase C (activity » 469 fungal xylanase unit/g; an 



Table 1. Composition of the experimental dfois {g/kg) 



Diets 



Ingredients 



1 


2 


3 


4 


5 


6 


7 


8 


784 


784 


784 


784 


















784 


784 


784 


784 


149 


149 


149 


149 


149 


149 


149 


149 


19-6 


19-6 


19-6 


196 


19-6 


19-6 


19-6 


19-6 


10-8 


10-6 


10 6 


10-8 


10*8 


10-6 


10-8 


10-8 


6*8 


6-8 


68 


6-8 


6-8 


6-8 


68 


9-8 


49 


4-9 


4.9 


4*9 


4-9 


4-9 


49 


4-9 


2*9 


2-9 


2-9 


29 


2-9 


24 


2-9 


2*9 


20 


20 


2-0 


2-0 


2-0 


2-0 


2-0 


20 


20-0 


20-0 


20-0 


20-0 


20 D 


20-0 


20-0 


20.0 




0-2 








0-2 










0*26 


0-426 






0-2S 


0-4Z6 



Normal-ME wheat {Currawong) 
Lew-ME wheat (Harvey) 
Casein 

Dlcalclum phosphate 
Limestone 
Di.-M&thlonlnQ 
Vitamin-mineral pre-rhix* 
Salt 

Choline chloride 
Markerf 
Xylanase A$ 
Xylanase B% 
Xylanase C% 



ME, metabofl&£W3 energy. ^ ^ , , M ^ 

-Tri« ndttoo ingredients ountnlrrtd In we vltamln-mlnbrtl pfemtx wwb ah follows (p*r kp): Mnol a-Oflm^, eholecalctterol 0-09 mg. ftfrmo-a- 
tooopharol rotat* 30 mg, msnadionG 6-3 fng, riboflavin 8m& pyrletexlne hydrcwhfcrtdo Bmg, Wotln 0-01 mg, niacin 30 mg, thlamb l-Smg, 
D-calclum pcintOttiftnals 15 mg, folio ftCW 2mg. ethoxyqutn 126 mg, Mn 75 ma, Fa ZOmg. Cu S mfc I 1 me, Co t).3mg, Se 0-5 mg, Mo 
0-1 6 mq, oyonocofcalamtn 0-13mg. 

tCeffle (notd-ineolUDie 89h) wn-a obtained from C«(H« Corporation (Lonawc. CA. USA). 

i For dcrtnits of xylanB893 p. 64. 



PAGE 14/21 ' RCVDAT 1/6/2006 12:01:56 PM [Eastern Standard Time] * SVR:USPTO-EFXRM/26 * DNIS:2738300 * CSID:12128400221 • DURATION (mm-ss):07-06 



01/86/2006 12:81 12128400221 



NOVOZYMES 



PAGE 15/21 



Substrata affinity of xylanascs far poultry 



experimental product derived from Aspergillus aculeatus). 
The activities were determined by Novozymes AS of Den- 
mark. Cclite was included to all diets at 20g/kg as a 
marker for the calculation of nutrient digestibility in the 
small intestine. 



Apparent mewbolisable energy bioassay 

On day 24, chickens were weighed in groups Of six and 
transferred IO forty-eight metabolism cages. The first 3d 
served as an adaptation period and for the last 4 d excreta 
were collected daily, dried overnight in a fbrccd-atf oven 
at 80 ft C and pooled for the determination of gross energy. 
The amount of feed consumed during the adaptation 
period and the excreta collection period was recorded. 
On completion of the 7 d AME bioassay period the birds 
were weighed in groups following their killing by cervical 
dislocation. The body cavity was opened and the contents 
of the duodenum, jejunum (from duodenum to the Meck- 
el's diverticulum), ileum (from the Meckel's diverticulum 
to 40rr)tn above the ileo-caecal junction) and caecum 
were collected, Digesta of birds from each cage was 
pooled for the same gut section and fresh weights t^corded. 
The supernatant fractions and the pellets were immediately 
separated by centrifugation (12000#, 15 min) and frozen at 
-2l°C for future analyses. 

The AME value of the major dietary ingredient (cereal) 
was obtained by using a pre-dctermincd AME value 
(20- 1 MJ/kg DM) for casein (Annison et al 1994). The cal- 
culation of the AME of the grain was as follows; 

AMEgrain - (AMEdJd - AME^to 

Xdry casein levcl)/dry grain level. 



Laboratory analyses 

Digesta viscosity. Approximately 2 g fresh digesta were 
centrifuged (12000*, 10 min at 20°C) and the viscosity 
was determined on 0-5 ml supernatant fraction using a 
Brookflcld Model DV-EI Rheometer (Brookticld Engineer- 
ing Laboratories Corp., Stoughton, MA, USA) at 25°C with 
a CP40 cone and shear rate of 5-500/s. The samples did 
not exhibit shear thinning at these shear rates. 

Valaiilc fatty acids. For cfjccal volatile fatty acid 
(VFA) determination, 3g fresh sample were diluted with 
04 m -sulfuric acid (3 ml) and thoroughly mixed. The 
sample was centrifuged (12 000jff, 15min). To a sample 
of I ml supernatant fraction, 04 ml of a reference VP A 
(caproic acid) were added. The VFA were distilled using 
Thundbcrg tubes. The concentration of VFA was quantified 
using a Hewlett Packard 427 gas-liquid chromutograph 
(Hewlett Packard, Palo Alto, CA, USA). For ileal VFA 
determination, the fresh sample was centrifuged 
(12000$, 15 min). To a sample of 1-3 ml supernatant frac- 
tion, 04 ml of a reference VFA (caproic acid) and 0-5 m- 
suifurie acid (01 ml) were added. The VFA were distilled 
using Thundbcrg rubes. The samples were treated with two 
drops of lOM-sodinm hydroxide and concentrated to dry- 
ness in a vacuum desiccator. The VFA salts were dissolved 



in f>5M-sulfuric acid (04 ml) and were quantified using a 
Hewlett Packard 427 gas-liquid chromatograph. The gas 
chromatograph was fitted with a glass column packed 
with ^phosphoric acid (1-5 %, w/w) and polypropylene 
glycol sebacate (15-5%) on chromosorb *W\ acid- 
washed, 60-80 mesh. Operating conditions using a flame 
ionisation detector were: column temperature, 135°C; 
detector temperature, 180°C; carrier gas (Nj) flow, 
25cm 3 /min; H 2 Mow, 25cm 3 /min; air flow, 220cm 3 /min. 

Proximate analyses. DM was determined using a 
drying oven at 105*C for 6h. Gross energy Contents of 
diets and excreta were determined using a DDS 500 isoper- 
ibol calorimeter (Digital Data Systems. Johannesburg, 
South Africa). Acid-insoluble ash in the jejunal and ileal 
digesta whs determined following the method described 
by Choct & Annison (\992b)> The N content of die diets 
and ileal digesta was determined using a LECO FP-2000 
automatic analyser (LECO Corp., $t Joseph, MI, USA), 
The protein contents were calculated using a multiplication 
factor of 5-7. Experimental diets and ileal digesta were ana- 
lysed for soluble NSP, insoluble N$P and free sugars by 
the Uppsala method (Theander & Westcrhtnd, 1993). 



Statistical analysis 

All data were analysed using either Base $AS<8> software 
(SAS Institute, Inc., 1988) or Statgraphics (Manugistics, 
Inc., 2000). ANOVA (by the general linear model pro- 
cedure) was used to determine the significance of the 
main effects and any interactions, where appropriate. Dun- 
can's multiple- range test was used to separate means when 
Significant main effects (P<0 05) were detected by 
ANOVA. When significant effects (P<0 05) of interaction 
were evident from ANOVA, / tests (by least-squares means 
procedure) were used to separate least-squares means. 

Results 

Bird performance, apparent metabolisahU energy and 
excreta moisture 

Xylanase supplementation increased (P<0'001) the weight 
gain of birds compared with the unsupplementcd controls 
regardless of wheat type. The feed conversion ratio fol- 
lowed a similar pattern, except for that in birds fed 
normal wheat with xylanase C. The AME value of the 
unsupplemented wheat was higher in the present study 
compared with that reported in the preliminary study 
(Choct & Kocher, 2000). However, there remained a 
difference of 1 MJ between the two wheats, with die low- 
ME wheat having an AME value lower than 13 MJ/kg. 
The addition of enzymes to the normal-ME wheat had no 
effect on die AME values. In contrast, the addition of xyla- 
nases A and C to low-ME wheat significantly (P<0-05) 
improved the AME value. Xylanase B had no effect on 
the AME value of the low-ME wheat. Xylanase A Signifi- 
cantly (P<O*05) reduced the moisture content of the 
excreta of birds fed both normal- and low-ME wheats, 
whereas the effect of xylanase B and xylanase C on excreta 
moisture was not significant. All the data are presented in 
Table 2. 
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Table 2, Growth rate, feed conversion ratfo (FCR), apparent metabollsable energy (AME) of wheat and excreta 
moisture content of broiler chickens fed on diets containing normal-metabolisable energy (ME) wheat and low- 
ME wheat with and without enzyme supplementation! 







Weight gain 
(g/btnd/per 


FCR 
(g food/g gain) 


AME of wheat 
(MJ/kg DM) 


Excreta 
moisture (%) 


Wheat 


Enzyme 


Mean so 


Mean so 


Mean sd 


Moan sd 



Normal-ME Control 

Nonnal'ME Xylanase A 

Normal-ME Xylanase 13 

Normal-ME Xylanase C 

Low-ME Control 

Low-ME Xylajiase A 

Low-ME Xylanase b 

Low-ME Xylanase C 

Probability of greater Fvalue In ANQVA 
Wheat N$ 
Enzyme *** 
Wheat x enzyme NS 



345 c 

392"* 

395 ab 

369° 
410* 

401 * 



33 
20 
29 
33 
24 
31 
12 
23 



2-156° 

2.089^ 
1-910* 
201 5*™ 
1.923c 



0-110 
0-055 
0-104 
0*107 
0-137 
Q-Q55 
0-104 
0-121 



13- 7^ 

14- 5^ 
13.9^ 
14.2 flb 
127 s 

ta-e** 

13*3*° 
13.&* 



0>5 
0-4 
0-9 
0-7 
0-6 
0-9 
0-4 
OB 



NS 
*•* 

N3 



NS 



* b >°Mor)n valueB within column with unlike 5up$tecrlp» (otters were stgnlflenmiy flStorunt (/><O OS). 
t For details of diets ood procedures, B9$ TGW« 1 and p. 54. 



77-1" 

734 b 

76-1^ 

75-0<* 

77.4" 

7S-0 B 

75.1 Bb 

74-7** 



NS 
#+* 

NS 



1- fi 
3.6 

3.1 

2- 4 

1- 6 

2- 4 



77t<? enzymic degradation patterns of non-starch 
polysaccharides along the gut 

The low-ME wheat (Harvey) and the normal-ME wheat 
(Currawong) were analysed for NSP contents, The low- 
ME wheat contained 17-6 g soluble NSP/kg DM and 
75-6 g insoluble N5P/kg DM, whereas the normal-ME 
wheat contained 161 g soluble NSP/kg DM and 71-9 g 
insoluble NSP/kg DM, The main difference between the 
sugar composition of the two wheats was in the contents 
of arabinose and xylose, where the low-ME wheat con- 
tained proportionally more of these sugars. 

The xylanases did not increase the level of free sugars 
(sugars With one to twelve monosaccharide units) both in 
the jejunum and the ileum regardless of wheat type, How- 
ever, xylanase C decreased the level of free sugars in the 
jejunum of birds fed the low-ME wheat, compared with 
xylanases A and B. 

NSP concentrations in the jejunal and ileal digesta were 
not affected by wheat type; however, the xylanases signifi- 
cantly altered the concentrations! of NSP in comparison 
with the un-supplementcd control diet. Thus, xylanase A 
significantly (P<005) increased the jejunal soluble NSP 
concentrations in birds fed both types of wheat, and ileal 
soluble NSP concentration in birds fed the low-ME 
wheat. Xylanase B increased (P<0-05) the jejunal arid 
ileal soluble NSP concentrations in birds fed the low-ME 
wheat and the ileal soluble NSP concentration in birds 
fed the normal wheat, compared with those in birds fed 
the unsupplemcntcd control This led to a significant 
wheat X enzyme interaction. Xylanase A also decreased 
(/><f>0l) the insoluble NSP concentration in the ileal 
digesta Of birds fed both types of wheat, and xylanase C 
reduced (P<00\) the total NSP level in the ileal digesta 
of birds fed the low-ME wheat. The data are shown in 
Table 3. 



Neutral sugar composition of non-starch polysaccharides 
in the jejunum and ileum 

The ability to release free sugars by the three xylanases dif- 
fered significantly (P<0-05), with xylanases A and C 
releasing higher amounts of arabinose and xylose (the 
two main sugars of wheat NSP, the arabinoxylans) both 
in the jejunal and the ileal digesta of birds fed the 
normal-ME wheat. Xylanase B did not release free 
sugars in the jejunum and the ileum. Xylanases A and B 
elevated (/ , <0-05) the level of soluble NSP in the jejunum 
and ileum, whereas xylanase B had no effect on the jejunal 
and ileal soluble arabinoxylao levels for both wheats 
(Table 4), 

For birds fed the normal-ME wheat, the insoluble arabi- 
noxylan level in the jejunum was lowered (jP<0 05) by 
xylanases A and B, whereas that in the ileum was 
decreased (P<0-05) only by xylanase A- Xylanase C did 
not have any effect on the insoluble arabinoxylan level 
regardless of the gut sections (Table 4). For birds fed 
low-ME wheat, however, the addition of xylanases A and 
B to the diet resulted it) a numerical reduction in insoluble 
arabinoxylans in the jejunum and a significant (P<O05) 
reduction in the ileum. Xylanase C reduced the insoluble 
arabinose concentration in the ileum compared with the 
control (Table 5). 

Digesta viscosity along the gut 

Both wheat type and xylanase supplementation had Signifi- 
cant {P< 0-001) effects on digesta viscosity in all sections 
of the intestine (Table 6). There was a highly significant 
(P<0-001) wheat x xylanase interaction on jejunal and 
ileal viscosity. Thus xylanases A and C reduced {P<005) 
digesta viscosity in die duodenum and jejunum for both 
wheats, but viscosity reduction in the ileal digesta was 
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Tabic 3, Amounts o< free sugar*, soluble and Insoluble NSP (sNSP and iNSP), and total NSP in jejunal and iloai cfl^ataof Mor chickens 
fed on diot3 containing normal-metabotlsablo onargy (ME) wheat and low-ME wheat with and without enzyme supplementation <mg/g marker)? 



(Moan values) 



Jejunum 



Ileum 



Wheat 



Enzyme Frao sugar* sNSP INSP Total NSP Free sugars 



Normal-ME 
Normal-ME 
Normai-ME 
Normal-ME 

Low-ME 
Low-ME 
Low-ME 
Lov/-Mtz 

Probability of grGator 
Wheat 
Enzyme 

Wheat x enzyme 



Control 
Xylanase A 
Xylanase B 
Xylanase C 



2010-2** 
2039-0* 
1971 -g 1 * 
1S29>8 flb 



Control 1579-4 b 
Xylanase A 

Xylanase B 201 4-4 1 * 
Xylanase C 1WQ-7* 
Fvalue in ANOVA 

NS 
NS 
NS 



487-5° 
640-5 1 * 
617-4 rt 
51 34*" 

492*1° 
705-3" 
71 W 
471-9* 

NS 

NS 



2527.2" 
2208.5" b 
2001-7* 
2548 0" 

2837.6" 
2418.3** 
2497-6* 
238S-4 ,,b 

NS 
NS 
NS 



5025'ff 1 
4888-0° 
443$-2 a 
49C6-9* 

4709*1* 
5036-8* 
5227-5 fl 
4701-0 a 

NS 
NS 
NS 



87B-9 nb 
1019-3° 
1010-8* 

B&&&*> 

941-2" b 
10C2-3" 
960.9" 
749.3* 

NS 
# 

NS 



sNSP 


INSP 


Total NSP 


509-5^ 
547-4* 
807-2° 
539-9° 


2349 5°° 
1966-5 b 
2500-1* 
24825° 


3737.8 hHl 
3533-2** 
4317-8 tt 
390^0*^ 


509.2"* 
610-0 11 

sog-o" 

464-6 d 


2609-5° 
1991-2** 
2235-3° b 
222VS* b 


4080.0 nb 
3603-5** 
4005-2 1 * 
3435*4° 


#«» 


NS 
«• 


NS 
■* 


% 


NS 


NS 



Valuer Vrfthln a column with unUKo superscript tetter* wore significantly different (P<0.05>. 
'P<D-05, **P<0-01. ""*P<0-O0t. 

t Fof detais Of diets and procedures, see Table 1 Bnd p. 94. 



only significant for diets containing the low-ME wheat. In 
contrast, the addition of xylanase B to die unsupplcmented 
control diets increased intestinal viscosity throughout the 
intestine. Tit diets with low-ME wheat the increases were sig- 
nificant (/°<0*05) in all sections of the intestine. 

Digestibility of non-starch polysaccharide fractions 

The digestibility of soluble NSP was mostly negative* 
excerpt in birds fed low-ME wheat supplemented with 
xylanase B. The negative effect of enzymes on the digest- 
ibility of soluble NSP both in the jejunum and ileum dif- 
fered, with xylanase Q producing a highly negative 
(/ > <0-05) ileal digestibility value compared with the 
other diets regardless of wheat type (Table 7). Both the 
jejunal and ileal digestibility values for the insoluble 



NSP were significantly (P<0-0J) higher for the low-ME 
wheat than the normal wheat Xylanase A resulted in 
numerically higher digestibility values for the ileal insolu- 
ble NSR There was a significant (/»«M>1) wheat X 
enzyme intcraetion on the ileal digestibility of soluble 
NSP, with xylanase B giving a negative digestibility for 
the normal wheat and a positive digestibility value for 
the low-ME wheat. 

Volatile fatty acid production in the ileum and caecum 

The addition of enzymes to diets based on the normal-ME 
wheat had no effect on the production of VFA in the ileum 
or caecum (Table 8). In diets with low-ME wheat the 
addition of xylana&es A and C reduced (P<0-05) the 
VFA concentration in the ileum. 



Tablo 4. Main neutral sugar composition in the Jejunal and Ileal digesta of broiler chicken* fed diets containing 
noimal-motaboHsabte energy (ME) wheal with and without enzyme supplementation (g/kg marker)" 

(Mean values) 



Free sugars 
Normal-ME wheat 
Normal-ME wheat 
Normal-ME wheat 
NormahME wheat 

Soluble NSP 
Normal-ME wheat 
Normal-ME wheat 
Normal-ME wheat 
Normal-ME wheat 

Insoluble NSP 
Normal-ME wheat 
NormaNME wheat 
Normal-ME wheat 
Normal-ME wheat 







Jejunum 






Ileum 




Enzyme 


Ara 


Xyl 


Glc 


Ara 


Xyl 


QIC 


Control 
Xylanase A 
Xylanase 8 
XylanHse C 


9-2* 
45-1* 
10.8* 
28-6* 


58° 
115.6* 
11 8 C 
67-9 b 


1752.8' 
1635-3* 
1701-5* 
16117* 


6-2* 
53-9" 

loe" 0 

21 -9" 


3.9* 

138-2* 
11.8 bfl 
45.0 b 


695-0" 
652*5" 
788-4" 
632-7° 


Control 
Xylanase A 
Xylanase B 
Xylanase C 


142-3 b 
214-8" 
198-5* 
157.0* 


216-0* 
2S9-B n 
SWT* 
219-5 b 


83-2 b 
105*4* 
77-3° 
89.0* b 


141 -2* 
1B3.3* 
236-6 B 
157-5 b 


224-4 11 
216.1 b 
413*8* 
229-0 h 


94-6** 
122.7** 
129 2* 
101-7°° 


Control 
Xylanase A 
Xylan bbb B 
Xylanase C 


864-9° 
727-7* 

846.4 a 


1299-0* 
1007-3 b 
984-0° 
1284.$" 


547- r 
601 -4 n 
449.6' , 
584-2 11 


764-8" 
635-9 b 
800-4* 
806-4* 


1233-0" 
939-7° 
1257.2" 

isise* 


532-8" 
510.S* 
6171° 
552-8* 



Ara,arfll5lnMB:Xylxyloa«;6ie t 9McoBe. . 

ft -°-° values within & »lumn wflh unHtw sMf*>«ertpi lottcre wore Blpntffcantiy dWBruni {P<0-0S). 

* For dtfftlto of diets and proooduroo, see Table 1 and p. 54. 
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Table 6. Main neutral sugar composition In Jejunal and Ileal dtgeata of broDor chickens fed diets containing 
tow-meiaboftsable energy (ME) wheat with and wtthout enzyme supplementation (g/kg marker) 

(Mean values) 



Enzyme 



Free sugars 
Low-ME wheat 
Low-ME wheat 
Low-ME wheat 
Low-ME wheat 

Soluble NSP 
Low-ME wheat 
Low-ME wheat 
Low-ME wheat 
Low-ME wheat 

Insoluble MSP 
Low-ME wheat 
Low-ME wheat 
Low-ME wheat 
Low-ME wheat 



Control 
Xylanase A 
Xylanase B 
Xylanase C 

Control 
Xylanase A 
Xylanase B 
Xylanase C 

Control 
Xylanase A 
Xylanase B 
Xylanase C 



Jejunum 


Are. 


Xyl 


Glc 


9-8° 


7'6° 
80*5 n 
150° 
607 b 


1365-6° 
1587-7° 
1756 7* 
15474" 


!5B-1 b 
2S4'S° 
247-5 11 


221-2** 
352- r 
372*6* 
199-1° 


65- 9* 
81-6* 

75-8° 

66- 5 ft 


903.6 0 
790.9" 
S37-5* 
B15-3* 


13684° 
1162.3" 
1255-2" 
12Q1-1 n 


588*1" 
646-3" 
607-3° 
556.0° 



ileum 



Are 


Xyl 


6-6° 




40-2* 


100.7* 


9.1 he 


12.9 6 * 


18-# 


40'0 D 


148-4° 


212-1° 


207-4 D 


278'2 D 




4314* 


150-5* 


1994 c 


8S7-1 n 


1405-3" 


647-8 b 


9B6-2 4 


729-7* 


11497** 


729-2 h 


1188*8" 



Glc 



781*2° 
7079°° 
779-8° 
562.6 b 

90-2" 
88'6* l> 
989" 
71-3° 

560-2* 
511-9" 
539-3" 
497'2 fl 



Are, nrablnoae; Xyl, xylose: die. gXjcoSfW , tn ^ Mt 

Values -MtMri a column with unlikft superscript letter* were significantly different (P<005). 



• For details of tflelB and procadw^a, aee Table 1 and p. 54. 



Discussion 



The use of enzymes to increase growth rate and feed conver- 
sion efficiency in poultry by removing the anti-nutritive 
effect of NSP is well established In addition to enhancing 
nutrient utilisation, the enzymes also offer other benefits. 
These include an overall decrease in the output of organic 
matter in the excreta due to the better utilisation of nutrients, 
a reduction in the moisture content of the excreta due to 
decreased gut viscosity, and an improvement in animal 
health due to the prevention of diseases associated with the 
proliferation of gut microflora. There is also an increased 
precision and flexibility in least-cost feed formulation due 
to the reduced variability in the nutritive value of ingredients. 
However, these claims arc not applicable to all xy lanases as it 
is thought that xylanases differ in their efficacy in degrading 
arabinoxyJans, perhaps due to their substrate affinity. 



The present study demonstrated a number of clear differ- 
ences in the modes of action of different xylanases in 
wheat-based poultry diets. First, the differences in their 
ability to reduce the moisture content of the excreta were 
large, although wheat type bad no effect on excreta moist- 
ure in the present study. For example, xylanase A reduced 
the moisture level of the excreta from 77 % in the control 
diet to 73%. In the poultry industry, such a reduction 
means a change of the consistency of the excreta from a 
runny state to a dry, consistent form. Wet droppings arc 
a big problem in the poultry industry, especially in 
laying hens where an increased percentage of dirty eggs 
is associated with wet and sticky excreta. 

Second, to examine how xylanases with different modes 
of action exert their effect on the arabinoxylans in wheat, 
the present study measured the types and amounLs of 
NSP present in various parts Of the gut together with 



Table 6. Duodenal, Jejunal and Ileal viscosity (mPaxs) of broiler chickens fed diets containing normal- 
metaboiiaeblQ energy (ME) wheat and low-ME wheat with and without enzyme supplementationf 

(Mean values and standard deviations) 



Duodonum 



Jejunum 



Ileum 



Wheat 



Enzyme 



Mean 



so 



Mean 



so 



Mean 



so 



Normal-ME Control 
Normal-ME Xylanase A 
Normal-ME Xylanase B 
NormaMvIE Xylanase C 
Low-ME Control 
Low-ME Xylanase A 

Low-ME Xylanase B 

Low-ME Xylanase C 

Probability of greater F value In ANOVA 
. Wheat 
Ensymo 

Wheat x enzyme 



3-3* 
2.2* 
3# B 
2.3 d 
4.0* 
24* 
4*7" 
2*2" 



05 
0>3 
0-5 
0-6 
0B 
04 
0*5 
OS 



80° 
4-1 d 

94° 
5.3 d 
184 B 

3.4" 



1*2 
0-7 
24 
08 
08 
16 
4.5 
06 



23-3 b0 

6-8° 
39-7° 

7.7° 
28-3 b 

8-3° 
B4-1" 

72 c 



4- 0 
11 
6-7 
4*2 

5- 8 
2.7 

42-6 
2*0 



NS 



^Moan valuw wltNn a column with unlifco superscript letters wore significantly tfffflront (P<Q 05). 
••P<0-01, ***P<0001. 

t For totalis ot dials and procedure aea Table 1 an* 9- 9 a - 
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Table 7. Digestibility of insoluble and soluble NSP (iNSP and sNSP) in jejunal and ileal 
digest© Of brolter chickens fad diets containing normal-metabollsable energy (ME) wheat 
and tow-ME wheat with of without enzyme aupplemontaHent 

(Mean values) 



Jejunum Ileum 



Wheat 


Enzyme- 


iNSP 


SN$P 


INSP 


sNSP 


Normal-ME 
NormaHrtE 
Normal-ME 
Normal-ME 

Low-ME 
Low-ME 
Low-ME 
Low-ME 


Control 
Xylanase A 
Xytnnaso B 
Xylanase C 

Control 
Xylanase A 
Xylanase B 
Xylanase Q 


007** 
0-1 9* b 
0.26° 
Q-06 b 

0-26° 
0-29" 
0-27" 
0*30* 


-011 Bb 
-0-13" b 

-r>ei nb 

-0-38 b 

-o-or 

-0-24" b 
-0-4l b 


0.14^ 
0-28°** 
G-08 6 
0-09 d 

0*42* 
0-35 nb 


-0-17^ 
-073 d 

-0*07^ 
-0.2S 9 

0-02° 


Probability of greater F value in ANOVA 
Whoat ' 

Enzyme NS 
Wheat x enzyme NS 


NS 
NS 


*•* 
NS 


NS 



ummJai-o values within a oalurnn with unlike superscript leTtere weto ftlgnJflcantly different (P<Q.05). 

•P<0'Q5, w P< 0 01 , ***P< 0-001 . 

tFor details of diets and procedures, tree Tftftto 1 and p. 54. 



Table S. Ileal and caeca! volatile fatty acid (VFA) production 
(mmol/bird) in brollar chickens fed on diets containing normal- 
metabollsablB energy (ME) whoat and tow-ME wheat with or without 
enzyme suppfementatlont 
(Mean values and standard deviations) 



ileal VFA pro- Caecal VFA pro- 
duction ductlon 



Wheat Enzyme Moan so Mean , so 



Normal-ME 
Normal-ME 
Normal-ME 
Normal-ME 


Control 
Xylanase A 
Xylanase B 
Xylanase C 


12.6°° 
11-1* 
US* 
124"° 


4-5 
3'6 
37 
4-B 


7B8-6 11 

748.6" 
613.4* 


279-8 
131-6 
238-1 
187*4 


Low-ME 
Low-ME 
Low-ME 
Low-ME 


Control 
Xylanase A 
Xylanase B 
Xytanaae C 


26-3 n 

ia.3 bc 

19.5 0b 
10>1 e 


8'0 

7-9 

s-a 

4-5 


670-1" 
697*0* 

561-0* 


167-7 
278-4 
313-3 
S70-1 


Probability of greater F value in ANOVA 
Wheat 

Enzyme * 
Wbaat x enzyme " 




NS 
NS 
NS 





Mean values within n column with unlike superscript letters were fcfcftifi- 
cantly different (P<0-06). 

•F<0'05. 

TFor details tf enote end procedures, 9*» Table 1 Bnd p, S4. 



changes in digesta viscosity in the relevant sections. This is 
because xylanases differing in their substrate affinity 
should have contrasting effects on digesta viscosity and 
their ability to release soluble NSP in situ. 

There have been numerous studies exploring die mechan- 
isms by which supplemental xylanascf; improve the nutritive 
value of wheat- based diets for poultry. Soluble arabinoxy- 
lans in wheat are generally believed to be responsible for 
the majority of the anti-nutritive activity of NSP in poultry 
by virtue of their capacity to increase intestinal viscosity and 
modulate gut microflora (Choet et al. 1996). It is well recog- 
nised that increased viscosity decreases the digestion and 
absorption rate in the lumen by changing gastrointestinal 



functions (Edwards tt al 1988; Ikegamt ct al 1990). In 
wheat-based diets, in particular, reduced performance is 
often related to an increase in intestinal viscosity (Bedford 
& Classen, 1992). Furthermore, increased intestinal vis- 
cosity alters lipid and protein digestibility (Wang et al 
1992). The addition of commercial xylanases capable of 
degrading soluble NSP reduces viscosity and improves the 
nutritive value of wheat fed to chickens (Choct et al 
1994; Veldman & Vabl, 1994; Dusel et al 1998). 

In the present Study, xylanase A increased the soluble 
NSP levels in the jejunum of birds regardless Of wheat 
type, and those in the ileum of birds fed the low«ME 
wheat However, the increases in soluble NSP did not 
lead to elevated digesta viscosity, suggesting that whilst 
the enzyme attacked the insoluble cell walls of wheat to 
release soluble NSP into the digesta, it also effectively 
depolymeriscd the released NSP. On the other hand, xyla- 
nase B. a glycanase capable of attacking insoluble NSP, 
increased the soluble NSP levels in both the jejunum and 
ileum regardless of wheat type; the increases in soluble 
NSP levels, whilst comparable with that in birds fed diets 
containing xylanase A, were manifested in elevated digesta 
viscosity. This clearly suggests that xylanase B had no 
effect on the soluble NSP. As expected, xylanase C, an 
enzyme known to have affinity for only soluble NSP, effec- 
tively reduced digesta viscosity, presumably by cleaving 
the large molecules into smaller fragments. Since only 
high-molecular- weight soluble pentosans (molecular 
weight > 500 000) are responsible for increased digesta 
viscosity (Bedford & Classen, 1992), it was concluded 
that the released fragments had lower molecular weights. 
The finding that the concentration of free sugars in the 
ileum was elevated without a further increase in the con- 
centration of soluble NSP indicates a continued dcpolymer- 
isation of atabinoxylans throughout the intestine. 

Third, the efficacies of die three xylanases in digesting 
the soluble and insoluble NSP were different, Xylanase 
A effectively degraded the insoluble NSP from the jejunum 
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to ileum while maintaining a similar 'digestibility' value 
for the soluble NSP fraction. This means that this 
enzyme was able to degrade the NSP to molecular sizes 
lower dian approximately ten sugar units (otherwise the 
sugars would have ended up in the soluble NSP fraction). 
On the other hand, xylanase B sohibilised the insoluble 
NSP fraction in both wheats, making the digestibility of 
the soluble fraction more negative. This indicates clearly 
that this enzyme changed only the insoluble NSP:solublc 
NSP fractions ratio by solubilising the insoluble NSP with- 
out degrading them to monomeric or oltgomcric sugars. 
Interestingly, xylanase C reduced digest* viscosity, but 
appeared to release soluble NSP in the jejunum Of birds 
fed both the normal- and low-ME wheats as indicated by 
the negative digestibility values. This finding suggests 
that enzyme C was only able to reduce the molecular 
$jae of the soluble NSP in the jejunum, but as the digesta 
moved down the digestive tract it continuously worked 
on the substrates, resulting in the digestibility coefficients 
of soluble NSP being higher in the ileum. Furthermore, 
even though xylanase C was assumed to have affinity for 
only the soluble NSP fraction, in die present study the 
digestibility of the insoluble fraction of the low-ME 
wheat, but not for the normal wheat, by this enzyme was 
comparable with the other two enzymes. This highlights 
the differences between the two wheats in their cell-wall 
structures, and hence their susceptibility to digestibility 
by the natural gut microflora or an enzyme that usually 
degrades soluble substrate*. For example, the digestibility 
values for the insoluble NSP were 7 and 14 % in the jeju- 
num and ileum, respectively, of birds fed the normal 
wheat, whereas the corresponding values were 26 and 
25 % for birds fed the low-ME wheat. These data seem 
to suggest that a normal wheat and a low-ME wheat 
differ not only in their total contents of viscous polysac- 
charides, but also in their cell-wall matrices where they 
are more susceptible to solubilisation in the gut for the 
low-ME wheat, elevating die viscosity of the digesta. 

As mentioned earlier, viscosity reduction by xylanasss A 
and C and improvement in bird performance appeared to 
confirm the findings that viscosity is the major contributor 
to the anti-nutritive effect of wheat NSP in poultry (Choct 
& Annison, 1992£; Angkanaporn ct al. 1994). However, 
the results related to the use of xylanase B, a viscosity- 
increasing enzyme, that also enhanced the performance 
of birds and tended to increase AME, contradict the con- 
ventional theory of viscosity. One explanation is that the 
improvement in performance and energy utilisation is 
most probably due to the breakdown of arabinoxylans- 
rich endosperm cell walls (Pettersson & Aman, 1989; Bed- 
ford, 2002) and the subsequent release of intracellular 
encapsulated nutrients. These data confirm the conclusion 
that the ability of NSP to increase digesta viscosity 
depends on their solubility, molecular size and tertiary 
Structures (Fincher & Stone, 1982), and that quantitative 
measurements, such as the N$P level or digesta viscosity, 
should not be used as the sole indicator of the anti-nutritive 
activity of NSP in poultry diets. 

The present results indicate that commercial glycanase 
products have beneficial effects in reducing the detrimental 
effects of wheat NSP both in low-ME and normal-ME 



wheat. The effect of the enzyme products used m the pre- 
sent study on the degradation of NSP clearly highlights the 
differences between xylanases. To fully understand the 
modes of action of the different xylanase products in poul- 
try diets based on wheat* more detailed analyses of struc- 
tural changes of the NSP are necessary. 
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